This study examines the patterns and determinants of chronic low back pain over a three-year period among older adults in Japan. We tested our model based on a sociomedical perspective, using a two-wave national probability sample survey of persons aged 60 and older (N = 2,200) conducted in 1987 and 1990 in Japan. At baseline, the prevalence of chronic low back pain was 18 percent. Among those who were free of back pain at baseline, the probabilities of onset, death, and nonresponse were 13 percent, 7 percent, and 10 percent. Among those who had back pain at baseline, the probabilities of recovery, death, and nonresponse were 43 percent, 8 percent, and 9 percent, respectively. Our multinomial logistic regression analysis supports our thesis that societal factors (age, gender, education, and social relationships) affect transitions in chronic back pain not only directly, but also indirectly through mediating health and health behavior factors. The results suggest that social relationships have both favorable and unfavorable effects on chronic low back pain.
B
ACK pain is one of the most prevalent and costly conditions in industrialized nations (Deyo et al., 1991) . In Europe and the United States, the lifetime prevalence of low back pain is between 60 and 90 percent (Frymoyer, 1988) , and around 25 percent of adults report experiencing back pain in a given year (Skovron, 1992) . Among Japanese who are 65 years and over, low back pain has the highest prevalence rate (16.4%) of all the 44 symptoms listed in a national health survey in Japan (Health and Welfare Statistics Association, 1995) . It constitutes the second most frequent reason for physician visits for all ages, next to colds in the United States (Deyo and Tsui-Wu, 1987) and next to high blood pressure in Japan (Health and Welfare Statistics Association, 1995) . Although only 5 to 10 percent of people with back pain will have it for more than 3 months, chronic back pain accounts for the majority of back pain related costs and suffering (Carey et al., 1995) . Medicine has a limited role in diagnosing and treating chronic back pain patients (Frymoyer, 1988) .
Previous studies of back pain suggest that psychosocial factors play an important part in the course of back pain, especially in its chronic stage (Weiser and Cedraschi, 1992) . Research indicates sociodemographic differentials in the prevalence of back pain, suggesting female gender and lower level of education as risk factors of back pain (Reisbord and Greenland, 1985; Skovron, 1992) . Back pain is associated with older age in the United Kingdom (Croft and Rigby, 1994) and Japan (Nagaosa, Kikuchi, and Konno, 1994) , but with middle age in the United States (Deyo and Tsui-Wu, 1987) . Other "risk factors" include psychological distress (Croft and Rigby, 1994; Mechanic and Angel, 1987) , smoking (Croft and Rigby, 1994; Deyo and Bass, 1989) and lack of exercise (Frymoyer, 1988) . These studies, however, are cross-sectional and thus cannot demonstrate whether such "risk factors" preceded the occurrence of back pain. More importantly, cross-sectional data do not allow examination of the patterns and determinants of health status transitions involving onset and recovery. Only a small number of longitudinal multivariate analyses of back pain have been conducted to date. Consistent with cross-sectional studies, female gender and lower educational attainment were associated with poor outcomes at one year after seeking care among primary care back patients in a health maintenance organization (Von Korff et al., 1993) . A study on industrial employees in Finland indicated leisure time physical activity was associated with improvement in chronic back pain only in men, whereas age and stress symptoms were associated with deterioration in both men and women (Leino, 1993) .
The present study analyzes the patterns and determinants of transitions in chronic low back pain, using data from a longitudinal study of a national probability sample of noninstitutionalized Japanese older adults aged 60 years and older, conducted in 1987 and 1990. More specifically, this study examines (1) the probabilities of onset, recovery, and death over the three-year period, and (2) how societal factors, such as age, gender, education, and social relationships, affect transitions in chronic back pain.
Many studies have indicated the importance of societal and behavioral factors in back pain, but they are mainly predictive, often without a well-articulated conceptual framework. Explicit frameworks could help us hypothesize and test how a variety of factors affect health and illness transitions. For example, a sociomedical perspective (Kaplan, 1989) proposes mat illness is a function of social identities (i.e., age, gender, socioeconomic status), social relationships, and sociocultural systems. These societal factors are also viewed as influencing another set of variables (e.g., health behaviors, vulnerability to disease, access to health care), which in turn influence health and the development of disease. The direct and indirect effects of societal factors on health cannot be tested by single-equation models conventionally used in studies on back pain. Multiple equation modeling is required to explore and test pathways from societal factors to transitions in chronic back pain.
Transitions in health status involve multiple outcomes. For example, those currently free of back pain will move to one of three mutually exclusive destination states: free of back pain, having back pain, and deceased. Death is an important competing outcome, affecting the probability of suffering from chronic back pain. However, previous longitudinal studies on back pain have not considered mortality as a competing risk . In addition, implications of attrition in longitudinal studies have not been adequately addressed in research on back pain.
Since current back pain studies are typically based on special populations, external validity is questionable. For example, study results on hospital or clinic patients are limited for the purpose of identifying factors associated with chronic back pain, because a considerable proportion of people with back pain do not seek medical treatment (Carey et al., 1995) . In addition, few studies focused on chronic back pain in the elderly. Since the social context surrounding younger and middle-aged adults who are mostly in the workforce is quite different from that surrounding older adults who are retired or retiring, study results based on nonelderly samples may not be generalizable to the elderly. Furthermore, the majority of studies of back pain have been conducted in Western nations. Evidence from other societies is essential for understanding whether a certain theory or observation applies outside the particular historical, cultural, and political contexts (Kohn, 1987) . Given its sociocultural context, which is significantly different from that of Western nations, Japan provides an ideal setting for further research on chronic back pain. In Japan, although Western medicine is a dominant form of treatment and care (Lock, 1987) , health tends to be viewed as the inseparable function of mind and body. People in Japan are more likely to express stress and depression in somatic terms than those in Western societies (Marsella et al., 1985) . Japanese elders rely more heavily on their immediate family (typically, husband on wife, wife on daughter or daughter-in-law), but less on relatives and friends in comparison with older adults in the U.S., Great Britain, and Germany (Somucho, 1992) .
Although it is widely recognized that back pain is a major health issue among the Japanese elderly (Murata and Inoue, 1993) , epidemiological research on back pain is scant, mostly limited to clinical samples (Iwakura et al., 1988; Ohta et al., 1994) . Even when researchers examined the prevalence and covariates of back pain in nonclinical Japanese populations, they used either regionally based (Nagaosa, Kikuchi, and Konno, 1994) or convenience samples (Nakano, 1994) . Our study addresses the gaps in research identified above by assessing the patterns and determinants of transitions in chronic back pain using a nationally representative sample of Japanese older adults. Based on a sociomedical perspective (Kaplan, 1989) , our multivariate analyses involve multiequation modeling to assess not only total and direct effects but also indirect effects of societal factors. This longitudinal analysis of chronic back pain takes into consideration the competing risk of mortality and implications of panel attrition.
Model Specification
Our proposed model of transitions in chronic back pain consists of six transitions as shown in the right-hand box in Figure 1 . There are two states of origin as of time 1, "no back pain" and "back pain" (denoted as origins 1 and 2 in Figure 1 ). Since we model mortality as a competing risk of chronic back pain, there are three destination states at time 2: "no back pain," "back pain," and "death" (denoted as destinations 1, 2, and 3). The probability of experiencing a given type of transition is denoted by p Vl , where i and j point respectively to the state of origin (i = 1,2) and to the state of destination (j = 1,2, and 3). For example, p, 2 stands for the transition probability of onset, from "no back pain" to "back pain"; and p 2 , stands for the probability of recovery, from "back pain" to "no back pain."
Based on a sociomedical perspective proposed by Kaplan (1989) , our conceptual model (Figure 1 ) specifies that societal factors, which include social identities (age, gender, and socioeconomic status) and informal social relationships, affect the transitions in chronic back pain partly through health and health behavior in the context of a sociocultural system. As such, in the proposed model, social identities and social relationships are conceptualized as exogenous variables, whereas health and health behaviors as mediating variables. Our conceptualization of age, gender, and socioeconomic status differs from that of a biomedical perspective, because those variables are considered to represent older adults' social positions that result in greater or lesser exposure to various environmental, behavioral, psychosocial, and biological risk factors. The following sections discuss hypothesized effects of the mediating and exogenous variables on transitions in chronic back pain.
Effects of Mediating Variables: Health and Health Behavior
Health-related factors including self-reported health, chronic illnesses, and functional limitations are well-known predictors of subsequent health status. Psychological distress, or depression, has been identified as a major factor associated with chronic back pain (Mechanic and Angel, 1987) and possibly as a risk factor of mortality (Murphy et al., 1988) . Physiologically, psychological distress may weaken the immune system and neuroendocrine system, making individuals more susceptible to illness (Cohen, 1988) ; and cognitively, those who are psychologically distressed tend to rate their health status less favorably and express distress somatically (Kleinman, 1986) , possibly in the form of back pain.
Health behaviors, such as smoking, alcohol consumption, and physical activities, are important determinants of health and longevity both in Western countries (Guralnik and Kaplan, 1989) and Japan (Sugisawa, Liang, and Liu, 1994) . In particular, physical activities will develop greater muscle mass and strength, reducing the risk of falling and fractures (Blair et al., 1992) and promoting recovery from back pain (Frymoyer, 1988) . In addition, exercise reduces the risk of osteoarthritis, osteoporosis, and musculoskeletal disability (Guralnik and Kaplan, 1989) , which are associated with back pain. Such effects of physical activities found in the United States are expected to operate in Japan as well. Past studies have reported that heavy smoking and alcohol consumption were positively associated with low back pain in cross-sectional studies conducted in Europe and North America (Skovron, 1992) . Because of the lack of prospective studies, however, it is not known whether smoking and drinking are risk factors or consequences of back pain. Heavy smoking and drinking may be risk factors to the extent that they represent general lack of attention to health, which may result in overweight or bad posture that may lead to back pain.
Effects of Societal Factors
Social identities. -Age evokes social expectations in Japan as in any other society (Riley, Foner, and Waring 1988) . Older adults are expected to refrain from excessive drinking and smoking and to engage in a sedentary life style. Because society is likely to accept illness and pain in older adults, the elderly may feel it is more legitimate to report chronic back pain. Some older adults may use chronic back pain as a way to express their psychological distress or to be exempted from daily obligations. Accompanied by declines in the immune system and physiological functioning, increase in age is expected to enhance the probability of suffering from chronic back pain and death.
Women live longer and report more chronic health problems than men in Japan (Health and Welfare Statistics Association, 1995) as do their counterparts in the U.S. (Verbrugge, 1985) , although gender differences in chronic illnesses are less pronounced in Japan (Liang et al., 1991) . Women are less likely to engage in risky health behaviors such as smoking and heavy drinking, because these practices are less acceptable for women in many societies, especially in Japan. On the other hand, it is expected that women are more likely to engage in a sedentary life style, partly because women are expected to be less active and less physically strong than men. To the extent that a sedentary life style leads to a lack of exercise, female gender is a risk factor of chronic back pain. In addition, women in Japan are not expected to express their opinions and feelings as openly as men, but are allowed to talk about tiredness and pain more frequently than men (Lock, 1987) . Thus, women may be more likely to express distress in terms of somatic symptoms, such as chronic back pain. In addition to these social risk factors of chronic back pain, women have biological risk factors such as vertebral fractures associated with postmenopausal osteoporosis (Skovron, 1992) . Accordingly, we hypothesize that women are more likely to survive, but more likely to suffer from chronic back pain.
Health advantages among those with higher socioeconomic status are observed not only in the U.S. and other Western countries (Preston and Taubman, 1994) but also in Japan. Lower socioeconomic status is a risk factor of mortality among Japanese older adults (Sugisawa, Liang, and Liu, 1994) , whereas the effects of socioeconomic status on self-reported health are less pronounced in Japan than in the U.S. (Liang et al., 1991) . The universal health coverage and dramatic improvement in living and public health conditions across social classes after World War II in Japan may have contributed to narrowing the discrepancy in health between the poor and the rich. However, those with higher socioeconomic status could have better access to medical and non-medical services that are not covered in the insurance scheme; and they could live and work in less hazardous environments. Furthermore, abundant health-related information available in Japanese bookstores and through the media (Lock, 1987 ) is expected to disseminate more widely among the more affluent and educated. Accordingly, we expect that those with higher socioeconomic status are more likely to engage in better health practice and have access to healthpromoting resources, resulting in lower probability of suffering from chronic back pain and dying.
Social relationships. -Previous research has consistently demonstrated that those involved in more and better social relationships have lower mortality rates not only in the U.S. and other Western countries (House, Landis, and Umberson, 1988) but also in Japan (Sugisawa, Liang, and Liu, 1994) . However, the findings of the effects of social relationships on illnesses are not yet conclusive (Leppin and Schwarzer, 1990 ). This may be partly due to inconsistent conceptualization and measurement of social relationships. Empirical studies on social relationships and illnesses typically include only one aspect of social relationships, although there is an increasing recognition that social relationships consist of at least two major components: (1) the quantitative aspect, often called social integration, which indicates the number of people in one's social network and the frequency of contact with them, and (2) the qualitative aspect, often called social support (Orth-Gomer and Unden, 1987) . The latter, social support, is often conceptualized to have two subcomponents: instrumental and emotional support. We expect different components of social relationships to have different effects on illness (DiMatteo and Hays, 1981; Wortman and Conway, 1985) .
More specifically, we hypothesize that higher levels of social integration prevent the onset of back pain and promote recovery from it among Japanese older adults. Involvement in social relationships is thought to lower psychological distress (Cohen, 1988) , especially in group-oriented societies like Japan; encourage health-promoting behavior (Umberson, 1987) ; and facilitate acquisition of tangible and intangible resources to improve health. Regarding social support, we test two competing hypotheses.
On one hand, we expect social support to limit the onset of back pain, promote recovery, and delay death. For example, emotional support encourages health-promoting practices and compliance with medical regimens (Wortman and Conway, 1985) , as long as support providers have healthpromoting values. Instrumental support may help improve living environments to reduce burdens on the back. On the other hand, social support, especially emotional support, may encourage the older person to feel and report pain, because significant others tend to provide positive reinforcement for pain behavior (Fordyce et al., 1973) . This may be especially true in a Japanese social context where passive helplessness of the sick and active nurturing by a caretaker tend to be encouraged (Kiefer, 1987) .
METHODS

Data
Data for this research came from a two-wave national probability sample survey of 2,200 noninstitutionalized older adults in Japan aged 60 and over, conducted in November 1987 and November 1990. At Wave I, 2,200 interviews were completed successfully from the list of 3,288 names, with an overall response rate of 69 percent. The probability of nonresponse was higher for men and for those in urban areas and certain geographic regions, whereas age had a curvilinear relationship with nonresponse (Jay et al., 1993) . The sample represented the 1987 estimated population in Japan aged 60 and older in terms of age and gender compositions, except for the age group of 80 years and over. At Wave II, we obtained health status information on 90.2 percent of the 2,200 people from (1) interviews with original respondents (n = 1671) or their proxies (n = 152), and (2) mortality information obtained by a nonresponse survey, confirmed by resident registry (n = 163). Less than 10 percent of the Wave I respondents (n -214) were lost in the follow-up for reasons other than death. The sample for this research included all of the 2,200 older adults who responded at Wave I.
Measurement
Measuring transitions in chronic illnesses is a challenge, because they develop slowly and do not have clear identifiable points of onset and recovery. Because chronic back pain is a subjective experience (Mechanic and Angel, 1987) , we relied on older adults' self-reports. At Wave I we asked whether the respondent was currently suffering from "low back pain" as well as the 16 other chronic conditions listed in the questionnaire. At Wave II, as we expanded the questionnaire on health conditions, we asked whether the respondent was suffering from "chronic low back pain." The effects of this change, however, are considered to be minor, given that "back pain" was listed together with other chronic conditions at Wave I. In addition, the prevalence rates of chronic low back pain estimated from our data were 18 percent and 22 percent, respectively, in 1987 and 1990, indicating a reasonable increase over the three years as the respondents became older. However, this change might result in overestimation of "recovery" to the extent that the back pain reported at Wave I may include transient back pain, as well as overestimation of "onset" to the extent that those with chronic back pain happened to have little or no back pain at the particular time of the Wave I survey and did not report back pain.
For 6 percent (n = 138) of the Wave I respondents, we obtained their chronic back pain status at Wave II from their proxy respondents. The use of proxy response may be of concern because of the subjective nature of chronic back pain, which may result in a systematic under-or overreporting (Magaziner, 1992) . In order to examine the appropriateness of using the proxy data, we evaluated two alternative strategies: (1) using proxy response on the assumption that it represents respondents' chronic back pain status, and (2) disqualifying proxy response and treating it as nonresponse. Empirically, these strategies yielded almost identical findings regarding the effects of independent variables on transitions in chronic back pain. Because chronic back pain in older adults is so common and accepted in Japan, people with back pain are likely to complain about it to their families and friends, suggesting little chance of underreporting. In addition, the prevalence of back pain at Wave I and the patterns of transitions were similar among those with proxies and those without, providing little evidence of overreporting. In addition, utilizing proxy data has an advantage of increasing the effective sample size and allowing data collection from the old and frail who cannot participate in a survey themselves. Accordingly, we chose to report the results incorporating proxy data.
Descriptive statistics of all the variables are included in Table 1 . All the covariates were measured at baseline. Social identity variables include years of age, gender, and years of education as a proxy for socioeconomic status. Social relationships consist of two dimensions. The first one is social integration, which indicates quantitative aspects of social relationships within or outside the family. It is represented by four variables: marital status; contact with children (the frequency of contact in terms of living arrangements, meeting, and calling or writing); availability of close friends/neighbors; social contact (the frequency of telephones and meetings with friends, relatives or neighbors); and social participation in terms of club or group activities. The second dimension of social relationships is social support, which indicates the quality of intimate relationships. Social support is represented by two variables: emotional support, which is a composite measure of the amount of love and caring one can expect from his or her most important or closest significant other, and willing- Coding Algorithms
Actual number of years 1 = woman, 0 = man Years of formal education 1 = yes, 0 = no 7-point scale: 0 (no contact or no children) to 6 (living with at least 1 child) 1 = have close frineds or neighbors; 0 = otherwise 1 = call at least once a week or meet at least once a month with friends, neighbors, or relatives; 0 = otherwise 1 = attend club or group meetings; 0 = otherwise 5-point scale: 1 (not at all) to 5 (a great deal) 2-item scale: 2 (not at all) to 10 (a great deal) 7-item scale: 7 (hardly ever in 7 items) to 21 (most of the time in 7 items) 3-item scale: 3 (not at all in 3 items) to 12 (often in 3 items) 1 = currently smoking; 0 = otherwise 1 = not currently smoking but smoked before; 0 = otherwise 1 = < .5 go of sake (a glass of wine)/day last month; 0 = otherwise 1 = > = .5 go of sake a day last month; 0 = otherwise Number of chronic illnesses 5-point scale: 1 (not healthy at all) to 5 (perfectly healthy) Number of ADL/IADL limitations ness of the same significant other to listen to one's personal problems and inner feelings; and instrumental support, which indicates the availability of sick care from the significant other on whom one can rely on most when sick.
As for health and health behavior, psychological distress was measured by the Center for Epidemiological Studies Depression (CES-D) Scale (Radloff, 1977) . Based on a series of exploratory and confirmatory factor analyses, three depressive affect items (cognitive aspects of depression, such as feeling sad or blue) and four somatic items (physiological manifestations of psychological distress, such as appetite loss and problems with sleeping) were summed to construct an index of depression. Health behavior was operationalized from three items: drinking, smoking, and physical activities. Drinking is represented by two dummy variables: "light drinking" and "moderate/heavy drinking" with "no drinking" as a reference category. Smoking is represented by two dummy variables: "currently smoking" and "previously smoked" with "never smoked" as a reference category. Physical activities were measured in terms of how often people were engaged in yard work, exercise or sports, and walking (over 1 km or 10 blocks). In order to capture the multidimensionality of physical health (Liang et al., 1991) , three measures of health were included: comorbidity (the number of chronic illnesses other than chronic back pain), functional limitations (the number of limitations in activities of daily living and instrumental activities of daily living), and self-rated health. It should be noted that we made every effort to make sure that the measurement instruments developed originally in the U.S. be valid in the Japanese culture through backtranslation and a series of pilot tests (Liang et al., 1992) .
Data Analytic Strategy
Transitions in chronic back pain were examined through estimating eight probabilities: from two states of origin ("no back pain" and "back pain") to four states of destination ("no back pain," "back pain," "death," and "nonresponse"). "Nonresponse" was incorporated as the fourth state of destination in order to assess the effects of panel attrition on our results. Two separate models were estimated: one for those who had "no back pain" at baseline and the other for those who had "back pain." As there were four competing risks for each origin state, multinomial logistic regression (MLR) was used to estimate the transition probabilities.
Since our analysis involves an unordered categorical dependent variable, we examined the pathways of the effects of societal factors on chronic back pain in the following four steps. First, we estimated a multinomial logistic regression model with all the exogenous societal factors as well as mediating health and health behavior variables. We call this model a full model, where the coefficient of each independent variable represents its direct effects on a transition in chronic back pain. The direct effect of each societal factor is defined in our model (Figure 1) as the effect not mediated by health and health behavior. Second, we estimated a reduced model including only exogenous variables. The estimated coefficient represents the total effect of each societal factor, including its direct effect as well as its indirect effect working through mediating health and health behavior. Third, the indirect effect of each societal factor was calculated as the difference between the total effect and the direct effect (Liu, Liang, and Gu, 1995; Winship and Mare, 1983) . Fourth, we supplemented the above analyses by exploring how societal variables are associated with mediating health and health behavior variables through a series of OLS and logistic regression analyses.
A list-wise deletion of missing items in this data set would reduce the effective sample to 1,851 cases. Such a considerable proportion of item nonresponse would decrease statistical power and could result in biased estimates. Thus, after carefully examining the patterns of item nonresponse and assessing various imputation methods (Kalton, 1983) , we adopted the following imputation procedure. For the factors that were measured by multiple items (i.e., emotional support, psychological distress, physical activities), we imputed item nonresponse by the maximum likelihood multiple regression imputation method, utilizing the other available items within each factor. For instance, if one of the two items of emotional support ("listening" or "loving") was missing, the missing one was imputed from the other. If both of the two were missing, they were not imputed. Thus, each factor remained distinct from the others. As a result of imputation, we successfully retained 2,035 cases in our multivariate analyses even after a list-wide deletion of item nonresponse. Table 2 presents the distribution of the respondents by chronic back pain status at Wave II in 1990, as cross-classified by status at Wave I in 1987. The point prevalence of chronic back pain was 18 percent at the baseline survey in 1987, and increased to 22 percent at the follow-up survey Notes: The prevalence rate in 1987 is 17.99% (371/2062). The prevalence rate in 1990 is 21.6% (370/1346 + 370), assuming that nonrespondents are randomly distributed between "no back pain" and "back pain." in 1990. The results indicate considerable rates of transitions. Of those who did not have back pain at baseline, 13 percent developed it, 7 percent died, and nearly 10 percent did not respond to the survey. Of those who had back pain, 43 percent did not report chronic back pain in the follow-up survey, 41 percent continued to have back pain, nearly 8 percent died, and 9 percent were nonrespondents. Table 3 presents the results of the full model including all the independent variables, separately for those who had no back pain and for those who had back pain at baseline. The regression coefficients in the MLR model indicate linear effects of the corresponding independent variables on the logit (loglPi/Pij]). The significance of the coefficients was examined by Wald test and the likelihood ratio test (G) statistics (Hosmer and Lemeshow, 1989) . Because these regression coefficients are not readily interpretable (Liao, 1994) , we calculated the marginal effect on probabilities, or the marginal probability from the coefficients to interpret the direction and magnitude of the effects of independent variables. The marginal probability indicates the change in the probability of experiencing a certain transition associated with a unit change in a given explanatory variable, other things being equal. In the following, we discuss the effects of health and health behavior as well as societal factors on transitions in chronic back pain, concentrating on statistically significant effects on onset, recovery, and death. Implications of panel attrition on the results are discussed after all the results are presented.
RESULTS
Patterns of Transitions in Chronic Back Pain
Multivariate Analysis of Transitions
Effects of Health/Health Behavior
"No back pain " group at baseline. -Psychological distress and poor health at baseline were associated with the onset of back pain, as hypothesized (Table 4) . A one-unit increase in psychological distress would increase the probability of onset by 1.9 percent, but would hardly change the probability of death. While smoking did not have statistically significant effects, light drinkers were more likely to suffer onset of back pain than nondrinkers, by 4.8 percent. Not surprisingly, a higher level of self-rated health would reduce the probability of death, while an additional functional limitation and comorbidity would increase it.
"Back pain" group at baseline. -A higher level of physical activity at baseline would raise the probability of recovery, supporting the effectiveness of exercise for back pain. An additional comorbidity would reduce the probability of recovery from back pain. Psychological distress (57) "pi 1 = probability from "no back pain" to "no back pain"; pl2 = probability from "no back pain" to "back pain"; pi3 = probability from "no back pain" ._ "death"; pl4 = probability from "no back pain" to "nonresponse"; p21 = probability of "back pain" to "no back pain"; p22 = probability from "back pain" to "back pain"; p23 = probability from "back pain" to "death"; and p24 = probability from "back pain" to "nonresponse." +.05 < p < .10; *.0I < p <.05; **p<.0\.
to 
Note:
The marginal effect is the change in the probability of experiencing a certain transition associated with a unit change in a given independent variable when it is scaled at its sample mean (or 0 in the case of a dummy variable). All the other independent variables in the model are regarded as control variables with the values fixed at sample means. +.05 < p < .10; *.01 <p< .05; **p< .01.
would increase the probability of death among those who had back pain at baseline.
Effects of Societal Factors: Total, Direct, and Indirect Effects
"No back pain" group at baseline. -Four factors were found to be significantly related to the onset of back pain: age, having friends/neighbors, instrumental support, and emotional support (Table 5) . As expected, one-year increase in age would increase the probability of onset by .42 percent, of which .28 percent is the direct effect and .13 percent is the indirect effect mediated through health and health behavior onto back pain. Having close friends/neighbors would reduce the probability of onset. Interestingly, the two variables of social support worked in opposite directions. While instrumental support would reduce the probability of onset of chronic back pain, emotional support from significant others would increase it. The total effect of emotional support to increase the probability of onset (1.17%) can be entirely attributed to its direct effect (1.23%). The indirect effect of emotional support through health and health behavior was actually in the direction of reducing the onset of chronic back pain (-.06%). The results supported our argument that different aspects of social relationships had different functions in the course of chronic back pain.
Three factors -younger age, female gender, and higher social participation -were significantly associated with lower mortality in the hypothesized directions. Interestingly, the total effect of being a woman (-3.65%) resulted from its large direct effect (-4.80%), which was mitigated by its indirect effect (1.14%). In other words, female gender was associated with health and health behavior that would increase mortality, but such effects were more than counterbalanced by women's advantages in survival.
"Back pain" group at baseline. -Age and emotional support were significantly related to recovery from chronic back pain. One-year increase in age would reduce the probability of recovery by 1.5 percent in total. The direction of indirect effects of age suggests that older people tend to have health/health behavior characteristics that would promote recovery, but these effects are offset by the overwhelming direct effects of older age that reduce the probability of recovery. It is interesting to note that emotional support would reduce the probability of recovery, consistent with its effects on the onset of chronic back pain. The results again indicated that such effects were due to direct effects, suggesting that such unfavorable effects of emotional support were not working through their effects on psychological distress or health behavior, but through paths unspecified in our conceptual model. Four factors were negatively associated with mortality in the hypothesized directions: younger age, female gender, higher level of education, and having friends/neighbors.
Exploration of indirect effects. -As a final step, we conducted a series of multiple regression analyses to examine the association between the exogenous societal factors and each of the mediating health and health behavior variables that had statistically significant effects on transitions in chronic back pain (Table 6) . These results supplement those described above (Table 5) . With reference to emotional support it had a statistically significant association with lower psychological distress, a significant factor to prevent the onset of chronic back pain, and with physical activity, a significant factor to promote recovery from chronic back pain. Thus, we can infer that emotional support has an indirect effect in preventing the onset of chronic back pain through lowering psychological distress, and in promoting recovery through enhancing physical activity. 0.03% -0.30% -0.48% -0.08% "The indirect effect is the difference between the total effect and the direct effect. Thus no significance tests are available for indirect effects. +.05 </?< .10; *.01 < p < . 0 5 ; **/><.01.
The effects of gender are also worth noting. We mentioned earlier that women's advantage in survival was mainly due to its direct effect and that its indirect effect was in the direction of increasing mortality. Table 6 suggests that such indirect effects of female gender arise because of its association with lower health status and higher psychological distress at baseline, which are risk factors of mortality.
Effects of Panel Attrition
The degree of the impact of panel attrition on study results depends on the extent to which attrition occurs at random, or to which the attrition group differs from the rest of the sample in various characteristics. Thus, we examined the characteristics of the attrition group in terms of health and other social and psychological characteristics considered in this study. The data on reasons for nonresponse at Wave II indicated that ill health accounted for a relatively small portion of nonresponse (15.4%). Contrary to our initial expectation that the attrition group would be less healthy, the multivariate binary logistic regression analysis (results not shown) indicated that the attrition group did not differ from the rest of the sample in terms of baseline self-rated health and functional status and that nonrespondents actully had fewer chronic illnesses at baseline. This result is consistent with a previous study on the characteristics of nonrespondents among the U.S. older adults (Markides, 1989) , which reported that the refusal group seemed healthier. The attrition group was less likely to be married, had less contact with children, and was more psychologically distressed. No information is available on the back pain status of the attrition group as of Wave II, except that they were alive. In order to calculate the marginal effects of independent variables on transitions in back pain, we needed to make certain assumptions about their back pain status at Wave II. Such assumptions could have a significant effect on marginal effects, if the given covariates were associated with both attrition and transitions in chronic back pain (Muramatsu, 1995) . Consequently, we conducted sensitivity analysis involving three distributional assumptions: (1) nonrespondents were randomly distributed into the state of having chronic low back pain and that of not having chronic low back pain at Wave II; (2) all the nonrespondents did not have chronic back pain; and (3) all the nonrespondents had chronic back pain. The results indicated that the estimated marginal probabilities based on the first assumption were robust, in that the direction of the effects remained the same as those based on the two other assumptions, although the magnitudes of the effects were somewhat different. In summary, since we had little evidence that the attrition group as a whole was significantly more or less healthy than the rest of the sample, we chose to present our results using the random distribution assumption (Tables 4 and 5) . Those results should be quite robust against different assumptions about nonrespondents' back pain status at Wave II.
DISCUSSION
The study results provide a number of insights regarding transitions in chronic back pain in older adults. Transition rates during the three years between 1987 and 1990 were substantial. Among those who were free of back pain at baseline, 14 percent developed chronic back pain and 7 percent died, and among those who had back pain in 1987, 47 percent recovered from chronic back pain and 8 percent died, under the assumption that nonrespondents were randomly distributed. The considerable rate of recovery suggests the importance of incorporating recovery as well as onset and death in modeling transitions in chronic back pain.
The findings supported our thesis that societal factors such as social identities and social relationships affect transitions in chronic back pain partly through mediating health and health behavior factors. The significant direct effects of the societal factors imply that their effects are partly working through mediating factors that are not explicitly modeled in this study, such as biological and environmental factors. Social identity variables (age, gender, and education) generally influenced transitions in chronic back pain in the hypothesized directions. As expected, a larger quantity of social relationships (having close friends and neighbors) prevented the onset of back pain and delayed death. Social relationships, both quantitative and qualitative, were associated with better physical health, less psychological distress, and more health-promoting behavior, suggesting beneficial indirect effects of social relationships on transitions in chronic back pain.
One notable finding is that the two dimensions of social support had opposing effects on onset and recovery with respect to chronic low back pain. Instrumental support reduced the probability of onset, whereas emotional support increased the probability of onset and reduced that of recovery. These total effects were mainly composed of the direct effects. Accordingly, our results supported both of the two competing hypotheses presented earlier, suggesting that social support has both beneficial and noxious effects on chronic back pain in Japanese older adults. The differential effects of multiple social relationship variables reinforce the importance of conceptualizing the construct as multidimensional. Contrary to the conventional assumption of positive social support effects on health, our findings of negative effects of emotional support may be viewed as a manifestation of the "dependency-support script" (Baltes and Wahl, 1992) , an interaction pattern between older adults and caregivers that reinforces older adults' dependent behavior. Family or significant others may provide positive feedback (e.g., increased attention, help with heavy work, or massage) to their loved ones who display behaviors that communicate to others that they are experiencing pain. Consequently, older adults are likely to be motivated to engage in such pain behaviors and embrace an identity as one with chronic back pain. Previous studies on pain in the U.S. have indicated that supportive family members tend to reinforce pain behaviors by providing cues to support those behaviors. This positive reinforcement is likely to encourage the sufferer to limit social functions and lead to chronicity of the pain (Fordyce et al, 1973; Weiser and Cedraschi, 1992) .
In the context of the social script that reinforces dependency and pain behaviors, emotional support would produce a short-term comfort among the elderly, but could compromise their long-term independence and quality of life. How could we minimize possible deleterious effects of social support? One way is to modify the social script. Given that family members usually constitute the immediate environment of older adults, modification of the script would require involving not only patients but also family members in treatment and prevention of back pain. Fordyce et al. (1973) pioneered the behavioral approach to treat low back pain, focusing on rewarding behavior incompatible with pain behaviors. Successful applications of this approach have been reported mainly in Western societies (Weiser and Cedraschi, 1992) . Since older patients visiting doctors are often accompanied by a family member (Glasser, Prohaska, and Roska, 1992) , clinicians and health educators should take advantage of such opportunities to inform family members of positive and negative effects of social relationships and to modify behavior in response to patients' pain behavior. Family involvement is particularly important for Japanese elders. As discussed earlier, Japan is a society with a strong "dependency-support script" where the sick are expected to be passively nurtured by caretakers, and Japanese elders rely heavily on immediate family.
Findings from the present research are also consistent with those based on cross-sectional studies. Psychological distress, drinking, and poor health at baseline were associated with the onset of chronic back pain. Engagement in a higher level of physical activity would significantly increase the probability of recovery. However, smoking, which some research suggested as a risk factor (Deyo and Bass, 1989) , did not have any significant effects on chronic back pain.
Several directions for future studies of health and illness transitions may be noted on the basis of our current study. First, we measured the dependent variables, illness transitions, using the data at only two time-points three years apart. Since chronic back pain is not likely to have multiple transitions within three years, our model of transitions assumes that only one transition occurs to each individual between 1987 and 1990 . While this assumption may be justified because of our focus on chronic back pain, further efforts are required to develop data collection methodology to capture short-term changes in health status in order to enhance our understanding of health transitions in older adults.
Second, our study did not take into consideration the effects of changes in independent variables such as social relationships and health behavior as well as possible reciprocal relationships between health and health behavior. At the time of this study, data were available only from the first two waves of the survey. Since our study was based on a model of competing risks of transitions in back pain including mortality and attrition that occur between Waves I and II, our analysis did not allow the inclusion of independent variables measured at Wave II.
Third, the sample was designed to represent noninstitutionalized older adults in the population, and was not designed to examine the characteristics of those with specific illnesses. Thus, the sample size for those who had back pain at Wave I (n = 371) was not ideal for estimating the effects of independent variables on transitions to four destination states in multinomial logistic regression analyses. However, as this research was intended to examine illness transitions including both onset and recovery in the same population, the use of population-based data was necessary. Accordingly, the small sample size may be justified, while caution should be exercised in interpreting the results. In particular, the lack of statistical significance in the analysis of those who originally had back pain may not preclude the existence of hypothesized relationships.
Finally, while our use of self-report of chronic back pain status is appropriate because of the subjective nature of pain, future studies need to examine the clinical and subjective meanings of recovery and onset. Both subjective and biomedical evaluation of health are needed to obtain a comprehensive picture of transitions related to health and illness in older adults. In particular, given the high prevalence of chronic back pain, further understanding of the nature of recovery is important. What does recovery from chronic back pain mean? Those suffering from chronic back pain may recover because antecedent physiological problems have abated or the back pain has become less salient for various reasons, such as adjustment to pain, exercise, and medicine. Does the meaning of chronic back pain differ from culture to culture? These questions may be addressed by in-depth qualitative studies. Alternatively, a longitudinal panel survey may include a question for those who had changed their illness status from the previous survey, asking why they report illness that was not reported before or why they did not report illness reported before. Such a simple question could provide much useful information. Further knowledge about subjective aspects of chronic back pain will promote biomedical understandings of chronic back pain and help clinicians who often cannot validate patients' pain in physiological terms and have to rely on patients' report and pain behavior for diagnosis.
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